Estimations of friction factor (Ff) in pipeline systems and fluid transport are essential ingredients in engineering fields and processes. In this paper explicit friction factor formulae (Fff) were proposed and evaluated with an aim of developing error free Fff. General Fff that relate Ff, Reynolds number (Re) and relative roughness (Rr) were proposed. Colebrook -White's formula was used to compute different Ff for Re between 4 x 10 3 and 1.704 x 10 8 , and Rr between 1.0 x 10 -7 and 0.052 using Microsoft Excel Solver to fix the Fff. The fixed Fff were used to compute Ff for Re between 4 x 10 3 and 1.704 x 10 8 and Rr between 1.0 x 10 -7 and 0.052. Accuracy of the fixed Fff was evaluated using relative error; model of selection (MSC) and Akaike Information Criterion (AIC) and compared with the previous Fff using Colebrook -White's Ff as the reference. The study revealed that Ff estimated using the fixed Fff were the same as Ff estimated using Colebrook -White's Fff. The fixed Fff provided the lowest relative error of (0.02 %; 0.06 % and 0.04 % ), the highest MSC (14.03; 12.42 and 13.07); and the lowest AIC (-73006; -64580 and -67982). The study concluded that modeling of Fff using numerical methods and Microsoft Excel Solver are better tools for estimating Ff in pipeline flow problems.
INTRODUCTION
In pipeline systems, various parameters are involved in pipe network systems. Some of the parameters are the lengths, diameters and Ff of pipes, water levels in reservoirs and discharge characteristics of pumps, water demand at different nodes and performance characteristics of different valves and minor elements in the pipe systems [1, 2] . Part of these parameters (pipe length) remains constant at different ages of the pipe, and some parameters (pipe diameters, relative roughness, and friction coefficients) would change during the life of pipe system. The changing parameters can be considered to be imprecise information. Traditionally, the equation for computing the head loss for each pipe in the pipe network and pipeline system is the Hazen-Williams or Darcy-Weisbach's equation, which requires Ff. Darcy -Weisbach's equation is expressed as follows (Equations 1 and 2): 
Where; hl is the head loss; f is the Ff; L is the length of the pipeline or pipe system; D is the diameter of the pipe; V is the mean velocity of flow in the pipeline or pipe system; g is the acceleration due to gravity and Q is the flow rate (discharge) in the pipeline or pipe system. Colebrook and White presented the initial Ff. The Colebrook -White [3; 4] expressions (Equation 3) are given by many researchers as follows [5; 6] : 1 √ = −2log 10 ( 3.7 + 2.51
Where; k is the relative roughness of the pipe and Re is the Reynolds number.
Since the initial computation of Ff in pipeline system by Colebrook-White, the possibility of obtaining accurate friction factor in pipe line system and heat transfer in turbulent pipe flows have caught the attention of many researchers. Despite more than seven decades of research, a lower error and full understanding of the essentials of this phenomenon is still far from complete. [32] Brkic [33, 34] , Danish et al. [35] , Fang et al. [36] , Mustafa et al. [37] performance evaluation of each of these Fff with particular attention to accuracy using statistical techniques with a larger aim of providing error free formula for Ff computation.
MATERIALS AND METHOD
General models that represent a generalization of Churchill [19; 20] , Swamee and Jain [15] ; Round [28] and Haaland [14] ; Romeo et al. [25] ; Zigrang and
Sylester [18] . The models relating Ff, Re and Rr were proposed. Romeo et al. [25] proposed a model of ten constants as follows:
The proposed Fff in this study are expressed as follows: 
In (4) to (7), α0 ; α1; α2; α3 α4 ; α5 ; α6 ; α7; α8 ; α9; α10 and α11 are the constants for friction factor parameters, and f is the Ff. The Fff were proposed and selected based on the complexity and expected accuracy [7; 8] 
Here, Yobsi is the Ff estimated using Colebrook -White's formula; obs Y is the average Ff estimated using Colebrook -White's formula; p is the total number of fixed parameters to be estimated in the equation; n is the total number of Ff estimated, and Ycali is the Ff estimated using developed model equation. Akaike Information Criterion (AIC) was developed by Akaike [59] . It allows a direct comparison of Fff with a different number of parameters. The AIC represents a given set of parameter estimates by relating the coefficient of determination to the number of parameters. The Akaike Information Criterion (AIC) was determined using the following expression (Equation 9):
Relative error (RErr) was determined using equation (10) [36] and Ghanbari et al. [52] . This result shows that Microsoft Excel Solver can be used to develop Fff for estimating the Ff. These are the formulae with a relative error greater than 2.0 %, but less than 5 %. The formula are Wood These are the formulae with a relative error greater than 5 %, but less than 10 %. These are the formulae with MSC less than 0.00. The formula is Avci and Kargoz (-1.13).
Estimated Friction Factors Using These Equations

Classification
Based on the value of AIC, the Friction factor formulae can be grouped into four categories as follows:
3.4.1 Highly accurate Friction Factor Formulae. 
CONCLUSION
Based on the statistical evaluations, which have been done in this work, the most accurate and one of the easiest Fff for use is known to be the current model formula. Being explicit, easy to use and very accurate are the most important characteristics, which cannot be found all together in any of the previous formulae. Based on the results of this study, one can state that this formula could be a better alternative to the existing ones. It can be concluded that:
